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Abstract 20—

An ionization chamber using compressed xenon has been | 4‘ 777777777 : 77777777 : pd L yaya 1600
designed and built for gamma-ray spectrometry. The device is ic;f;'oa 3 1 1400
based on signal measurement from a parallel plate detector,z go| _______ I oo T 7 /) 11200 =
with the gas enclosure constructed specifically for packaging = ‘ ‘;c ‘ 11000 2
into a portable instrument; thus, appropriate engineering prac- % 60— __ ) ‘ %2396 . A, g
tices using ASME codes have been followed. The portable sys- § | ; 3 3 1%° ¢
tem comprises two small containers that can be setup for op-® a0l 471 . Lo Lo [ {600 a@
eration in just a few minutes. Its sensitivity is 100 keV to over | | | | 1 400
1 MeV, with a resolution at 662 keV of 2.5% FWHM for uni- 2oL f S IR R S I
form irradiation, and 2% FWHM for collimated irradiation, . | | | | 1%°
comparable to the best ever with compressed xenon. It also 0t 01.4‘ - 08 - 12 - 16 0

exhibits greater specificity than most scintillators, such as Nal.

The device is insensitive to neutron damage and has a low power )
requirement Figure 1. Isotherms of xenon. The detector vessel used in the portable

system contained xenon wifh= 0.55 g/cr

Density [g/cnd]

|. INTRODUCTION room temperature, for significant increases in density. Never-

There is an important requirement in the areas of envirdReless, when engineering a pressure vessel for field opera-
mental monitoring, nuclear safeguards and geophysics for @R, due account must be taken of the large increase in pres-
power, high-resolution gamma-ray spectrometers that are o€ that occurs with increasing temperature, at a given den-
table and capable of remote operation. Germanium and RE&Y-
detectors are now commonly used. In certain circumstances;The design of an ionization chamber suitable for spectrom-
the above conditions may be fulfilled more appropriately kry with xenon is most conveniently based on electrodes with
two other, promising, techniques. These are detectors baggmhdrical geometry [5] or electrodes with parallel plate ge-
on xenon gas, and detectors based on CdZnTe. We preggi¥try [6,7,8]. In this initial work we have chosen a parallel
here a description of a portable, compressed xenon spectrpite design because a linear drift field was necessary for de-
eter that is, we believe, one of a few developments of this teglimining some basic characteristics of the system. The fun-
nology to progress from the bench-top to field use capabilifamental design principles of the device are quite simple, with
the important components shown schematically in figure 2. The

Il. BACKGROUND sensitive volume is defined by a cathode, two drift-field defin-
Ij_ng electrodes, and an anode. Absorption of a photon in the
ated in a detector medium by an incoming photon, is given five volume creates electron-ion pairs; the el_ectrons then drift
to the anode. In order to prevent pulse amplitude dependence

2 —
oy’ =FN. ) (,1) on conversion depth, and to decrease the electron signal rise-
The Fano factorf7, [1] accounts for the fluctuations Mbeing (ime 5 Frisch grid [9] is placed close to the anode. The elec-
smaller than (random) Poissonian statistics. Taking as an ex-

ample the 662 keV gamma-ray line from{Gseq. (1) predicts
an energy resolution of 0.56% FWHM in xenon (assuming the < Cathode
energy required to generate one electron-ion-pair, grare
21.9 eV and 0.17 respectively [2]). This excellent intrinsi(:EZ‘
resolution, combined with a high atomic number, shows xenon

The variance oN, the number of electron-ion pairs gene

HV Power
enable Supply

is an attractive medium for high-resolution gamma-ray detec- , Timer
tion. Xenon exhibits a highly nonlinear behavior of density : Control
against pressure, and is very compressible near its critical point, Solen%] i

which corresponds to 58 bar= 1.1 g/cmand 17°C [3]. Some [ T

thermodynamic properties of xenon are shown in figure 1 in gate

the form of isotherms [4]. These illustrate the remarkable prop- AMP PHA —— Computer

erty of xenon, that very little increase in pressure occurs, at . .
y Y b F?gure 2. Schematic of major components. For portable system,

* This research was supported by the US Department of Energy: Commponents within dashed rectangle are in aluminum container, the
tract No. DE-AC02-76CH00016. remainder are in second container (see fig.8).
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tron signal induced on the anode is collected by a low-noiseposition using vacuum-brazing technology [10]. The five
charge sensitive preamplifier and shaping amplifier; a puls&in electrodes are each held at five attachment points on ce-
height analyzer records the spectrum. ramic pillars that are mounted to the baseplate with stainless

Electron transport in compressed xenon is extremely s&fg€l supports. Notches in the ceramic pillars, together with
sitive to impurity. Typical requirements are that electroneg@Vy Washers and split rings, ensure the electrodes are rigidly
tive impurities be maintained below 0.5 ppm. In general, pféld in position. The anode and cathode are stainless steel
vious workers have identified two levels of performance. TIRiAt€S, while the drift defining electrodes are stainless steel
first level is that which can be attained by using a high-te@2nuli- The grid consists of electroformed nickel mesh, 1.4 mm
perature getter and appears to permit good performance upiifdh: 90 km wire width and 25 um thickness, sandwiched be-
densities of about 0.6 g/ém Beyond this density other tech-Ween ceramic and aluminum annuli. An important require-
niques based on titanium spark discharge have been empld)ggt Of the grid is a high level of tautness, which is necessary
to lower impurity levels further, which in turn maintains goofP Minimize microphonic signals. The 6.4 cm open diameter
performance. A crucial element in the detector design is tRhthe grid defines the usable area of the device. Cathode-grid
absolutely no organic materials can be used; outgassing of ef§@aration is 5.3 cm, and grid-anode separation is 0.7 cm. The

tronegative vapors even on a small scale will degrade the %@ electrodes are electrically connected to their respective
eration of the detector. feed-throughs by stainless steel wire. We defipas the field

between anode and grid, aig as the (drift) field between

I1l. A PPARATUS grid and cathode.

The assembly in figure 3, with a cover installed, completes
A. Detector the detector (pressure) vessel, which is shown in figure 4. The

The detector components in figure 2 have been engineeg@édrance window, facing down, is 7.6 cm in diameter and
into a pressure vessel made from a high-strength titanium-&u85 mm thick, allowing good gamma transmission above
minum-vanadium alloy (Ti-6Al-4V). All internal electrodes100 keV. Bolted to the outside of the titanium flange with a
have been fabricated from either stainless steel, nickel and atini-conflat flange is a short length of stainless steel pipe, con-
minum, and insulators from macor ceramic. The electrode &ining a pressure transducer [11], rupture disk and all-metal
rangement is shown in figure 3. The base is a 17 cm diama&®lve. The mini-conflat flange at the other end permits attach-
flange, 2.9 cm thick, with five 20kV HT feed-throughs installethent of the detector to the gas-filling system.

Figure 3.Photograph of internal components of detector vessel,
before cover is in place. Cathode, drift electrodes, grid and anddgure 4.Photograph of complete detector (pressure) vessel, with
are supported by ceramic pillars, in top half of picture. cover bolted to flange (inverted compared to fig. 3).
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B. Gas-filling system results in density being relatively insensitive to pressure up to
e - . densities of 1.5 g/ctn These characteristics require that tem-
A gas purification and filling system, based on high-tem- . .
. : rature and, particularly, pressure are measured with extreme

perature getters [12] has been designed and fabricated, and_is

: - . - gccuracy. Instead, we measured the mass of the detector ves-
shown schematically in figure 5. It is constructed from ¥z inc L ' - :

Sel at vacuum, and again with the final xenon filling. This rep-

OD stainless steel pipe using orbital welding techniques Wh?(ra]éented a mass difference of about 1 kg. Mass and volume,

ever possible; a small number of mini-conflat flanges with cop- . .
nd therefore density, can be determined to at least one per-
per gaskets are used and valves are of all-metal construction

Evacuation is accomplished with a molecular drag bum chn‘t. A technique has recently been described [14] in which
) P . 9 PUmp. T9le dependence of dielectric constant on density is used, a po-
lowed by a 60 liter/s Starcell ion pump.

tentially more convenient method.

V. PREPARATION AND FILLING In general about ten successive passes through the high t_em-

o _ perature getter were necessary to obtain the required purity;

The gas-filling system, with detector vessel attached, jgejiminary measurements were carried out with the detector
baked out and pumped for several days. Research gradepayre packaging it into a portable system. Electron drift ve-
rity xenon is then transferred from the commercial cylinder [8city has been determined as follows. The back-to-back

storage cylinder B. This is carried out by cooling the_latter 11 keV gamma-rays from a Naource were collimated with

liquid nitrogen temperature, where the SVP of xenon is a frigfire heam directed through the side wall into the detector ves-
tion of a torr. The gas can then be further purified by transfge| perpendicular to the drift field, and the opposite beam onto
ring the xenon backwards and forwards, using the same CryQya scintillator detector. The gamma absorbed by the scintil-

genic technique, between storage cylinders\iand B; each |5tor produces a prompt start signal, and the gamma absorbed
time the gas makes one pass through the high temperaturejgghe detector produces electrons that drift and reach the an-
ters. Gas is finally admitted to the detector by cooling its coy§iie 1o provide a stop signal. By probing different regions along

only to about -74°C, with dry ice and alcohol, which limits thefne qrift field, these timing measurements yield drift velocity,
mal stress to the detector components compared with ligyighwn in figure 6.

nitrogen temperature. e . . .
9 P Electron lifetime has been determined with the aforemen-

This procedure requires the utmost performance from gned experimental arrangement;!Thas also been used for
seal between the titanium flange and cover; it must be bakegRlg particular determination. The fraction of electrons sur-

and leak-tight both for UHV and for pressures approaching \ﬁQing after drifting a timet, with a lifetimet, is given by
bar and above. We have tried several commercially available f =gt )

metal seals; the most reliable operation has been obtained, us- . ; . .
: . . . f Can be determined by measuring the relative drop in anode
ing a spring-energized metal C-ring [13]. a

) _ _ pulse height as a function of position along the drift region at
Measurement of the correct density of xenon is a difficyfhich the beam converts in the detector, aigl determined
task, even with a pressure transducer directly on the detegtem drift velocity. Hence can be evaluated using eq.(2).

housing. The isotherms in figure 1 show that, at a given den'MeasurementS at 0.55 g/&mwith E, = 2 kv/cm, yielded a

sity, there is a significant temperature dependence on PreSS#Etime of around 5 ms. Thus, the maximum drift time of elec-
which becomes particularly significant above 0.4 d/crur- : 0 X ' - oo .
trons is about 1% of the electron lifetime, resulting in a maxi

thermore, the high compressibility of xenon above 0.4 i;/cw\um loss of 1% of electrons. Lifetime progressively decreases
I Getters

asE, decreases; such field dependent lifetime is in agreement
with previous results [6,14]. Moreover, we have found that,
<0
Molecular
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Figure 5. Gas purification and filling system. Figure 6. Measured electron drift velocity vs electric field.
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0 100 200 300 400 500 600 700 800 900 1000cigyre 8.Photograph of portable system. Hermetically-sealed
Energy [keV] aluminum container, at left, houses detector vessel; detector window
Figure 7. Anode pulse height spectrum of 662 keV gamma-rays frésrt opposite end to cable connections. Contents of each container

Cs¥. Collimated photons enter detector through side-wall, at right€ Shown in fig.2.

angles to drift field. Pulser response indicates electronic noise. ) o ) )
Even with good filtering, the high voltage supply contributes

. o o some broadening to gamma peaks because of ripple. This is
even withk, = 2 kv/cm, electron lifetime drops significantly .o mpletely overcome by charging the capacitors attached to
below 1 ms for densities in excess of 0.6 g/cihese obser- e four non-ground electrodes and performing pulse height
vations are consistent with those of a recent detailed study []éﬂalysis when the supply is switched off. A timer control dis-
which found that the level of purification required for denshpeg the PHA for the short charging time (approximately 10s),
ties above about 0.6 g/érts difficult to achieve with high- \yhich is performed about every half-hour to prevent voltage
temperature getters. droop. The duty cycle is thus very high, and this operational

Figure 7 shows a &3 pulse height spectrum taken duringnode also reduces power consumption.

the lifetime measurements. Since the collimated gamma-rayrigyre 9 shows a spectrum from the portable system, under

beam is perpendicular to the drift-field, broadening effects dH&ttery power, that combines the gamma-ray lines frof Ba
to electron lifetime and grid shielding inefficiency are minicgs? 304 C&. Irradiation was carried out from the front with
mized. The FWHM of 2%, or 13.2 keV, is one of the best rgg collimation. The FWHM of the €% peak is about 2.5%:

corded in a compressed xenon detector. Also shown in {hg exira broadening, compared with the side-collimated spec-
figure is the response to charge injection, from a pulser, of {36y in figure 7, is due to the combined effects of electron life-
electronics, which is seen to contribute just over 8 keV. Thige and shielding inefficiency of the grid. It is believed that
represents one of the main limitations of the detector perfgts cgo peaks are broader than expected from & téation-
mance, particularly at lower energies. ship because the range of the photoelectron is large enough to

cause ballistic deficit effects due to the finite shaping time.
V. PORTABLE SYSTEM

With a xenon filling of 0.55 g/chthe detector vessel has
been incorporated into a portable system which contains the
hardware and controls schematically illustrated in figure 2. A

10°

Combination of:
Bal33 Cg37and C&°

Main Gamma energies:

photograph of the portable system is shown in figure 8. The 10°L 276 keV
aluminum container on the left houses the detector, HT capaci- ggg sz
tors on the four non-ground electrodes, the high voltage relay, | 382 keV
and the preamplifier. The second container on the right hou!;ceslo4 I i%aki;/v

the high voltage supply, timer control, PHA, batteries, and h&
space for a laptop computer on which the analyzed spectr&i
is displayed. The preliminary measurements from section IV
indicate that a drift-fieldE,~ 2 kV/cm, is necessary for high 10°
resolution operation. A field rati&,/E,> 3 allows nearly 100%
transfer of electrons from the drift-region, through the grid, to
the anode. These conditions are satisfied with kV applied 13
to the cathode (with anode at ground). Since we observed no g 200 400 600 800 1000 1200 1400
evidence of corona, or other high voltage problems, up to Photon Energy [keV]

~ 19KV in th? initial test.ing, 15kv Wa§ deemed ‘T" (?oqurtlabll-"“:r'gure 9. Performance of portable system under battery power. This
voltage for field operation of the device. A resistive dividehows pulse height spectrum for uniform irradiation through detector
provides appropriate voltages to the drift electrodes and gkighdow, from Ba® C<% and C& sources.

1332 keV
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Table 1. VIII. REFERENCES
Important Characteristics of Gamma-ray Spectrometer  [1] U. Fano, “lonization Yield of Radiations. Il. The
Fluctuations of the Number of lonsPhys. Rev72
Energy Range 100keV to ~1 MeV (1947) 26-29
Sensitive Volume 160 cnd '
Sensitive area 30 ém [2] H. Sipila, “The Statistics of Gas Gain in Penning
Xenon density 0.55 g/cin Mixtures,” IEEE Trans. Nucl. ScCNS-26 (1979) 181-185.
I?Ag?(irlilﬁrcnmlglgstl?on Drift Time 2.,';\(;/?1[: [3] C.R. Gruhn and R. Loveman, “A Review of the Physical
Electron Lifetime About 5ms @ 2KV/cm Properties of L|qU|d lonization Chamber MedidEZEE
Energy Resolution @ 662 keV 2.5 9% FWHM Trans. Nucl. SciNS-26 (1979) 110-1109.
Efficiency @ 200keV/662 keV ~ 40%/15% total, [4] V.A. Rabinovitch, A.A. Vasserman, V.. Nedostup and
Detector M 32‘?’5% photoelectric L.S. Veksler, Thermophysical Properties of Neon, Argon,
etector Mass g H

Portable System Mass Two 20 kg containers Krypton z.ind Xenon, Hemisphere Publ. .Co., 1985.
Power Consumption 7W (under development: ~ 1W)[5] A. Bolotnikov and B.D. Ramsey, “Improving the Energy

Resolution of High-pressure Xe Cylindrical lonization

Chambers,1lEEE Trans. Nucl. SciNS-44 (1997) 1006-
VI. CONCLUSION 1010.

We have described the design and fabrication of a nge] V.v. Dmitrenko, A.S. Romanyuk, S.I. Suchkov and Z.M.
portable, low-power gamma-ray spectrometer; table 1 shows Uteshev, “Compressed-Xenon lonization Chamber for
some important characteristics. The system can be powered Gamma Spectroscopy3ov. Phys. —Tech. Phys. (USA)
into operation in just a couple of minutes, and will operate 28 (1983) 1440.
on batteries for several hours. The detection medium,i
based on compressed xenon, and it has been shown ;g
S'b.le 10 engineer a pressure vessel according to ASME cod_e near its critical point,Nucl. Instrum. & Meth. In Phys.
suitable for practical use. The detector vessel has been in

. . Res.A332 (1993) 206-214.
operation for over half a year, and has shown no signs of
degradation; this appears to indicate that the cleanliness EHd G. Tepper and J. Losee, “High resolution room
seal integrity of the system may permit several years of op- teémperature ionization chamber xenon gamma
eration. We are presenﬂy insta“ing a new amp”fier, PHA radiation detector,Nucl. Instrum. & Meth. In PhyS Res.
and timer control, that will significantly reduce the size and A356 (1995) 339-346.

mass of the second container. It will also reduce power c@gt O. Bunemann, T.E. Cranshaw and J.A. Harvey, “Design

sumption of the system to about 1W, permitting battery op- of Grid lonization Chambers,Can. J. of ResA27
eration over several days. (1948) 191-206.

The predicted intrinsic resolution of xenon at 662 keJ10] Ceramaseal, P.O. Box 260/U.S. Route 20, New Lebanon,
is just under 0.6% FWHM. The best resolution measured in NY 12125.

this work is 2% (figure 7). The excellent results reported .Ttl]Span Instruments. P.O. Box 860709. Plano. TX 75086-
ref. [15] provide encouraging experimental evidence th 0709 S ' '

the intrinsic gas resolution is, indeed, close to the predic- '

tion, at least for densities below 0.6 gfcnOur future plans [12]UltraPure System Inc., PO Box 60160, Colorado
include studies to reduce further the measured resolution in Springs, CO 80960.

a practical device; we will also investigate the option of ugt3]Advanced Products Co., 33 Defco Park Rd., North
ing cylindrical counter geometry [5], which allows more  Haven, CT 06473.

efficient use of xenon in a given volume.

_C. Levin, J. Germani and J. Markey, “Charge collection
and energy resolution studies in compressed xenon gas

[14]A. Bolotnikov and B.D. Ramsey, “Purification
Techniques and Purity and Density Measurements of
VIl. ACKNOWLEDGMENTS High-pressure Xe,Nucl. Instrum. & Meth. In Phys. Res.
The motivation for this work came from Dr. John Markey, A383 (1996) 619-623.
whose input in the initial design phase was most helpflflj_.5]A_ Bolotnikov and B.D. Ramsey, “The Spectroscopic
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